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(57) A-heat treatment roll 2 is provided for continu- 
ously cooling or heating a treated object such as a resin 
sheet 5, which is used in an extrusion molded sheet 
manufacturing apparatus or the like. The heating roll 2 
includes a hollow roll body 11 formed with many circular 
through holes 1 1 a in the roll axis direction at a fixed close 
pitch on the same radius close to the cylindrical surface, 
wherein roll body 1 1 is formed by calculating the space 
between the circular holes 1 1 a from the cylindrical sur- 
face to give the highest heat conduction efficiency with 
respect to the cylindrical surface and the lowest uneven- 
ness of temperature in the circumferential direction; a 
pair of side plates 1 2 and 1 3 which are fixedly provided 
on both end faces of the roll body 11 so as to be aligned 
with the roll body 1 1 and are provided with radial heating 
medium passages communicating with the circular 
through holes 11a in the cylindrical surface of the roll 
body 11; and a pair of rotating support shafts 12a and 
13a extending on the same centerline on both sides of 
the heat treatment roll, each of which is fixedly provided 
integrally with one of the side plates, and has a heating 
medium passage communicating with the radial heating 
medium passages of the side plate in the axis center. 
Thereby, a cooling medium or a heating medium can be 
caused to flow from the heating medium passage in one 
rotating support shaft to the circular through holes in the 
roll body, and discharged from the heating medium pas- 
sage in the other rotating support shaft, whereby a treat- 



ed object such as the resin sheet 5 is cooled or heated. 



FIG. 2 
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Description 

TECHNICAL FIELD 

[0001 ] The present invention relates to a construction 
of a cooling medium or heating medium passage for im- 
proving heat transfer efficiency, which is provided in a 
heat treatment roll for a treated object such as a resin 
sheet, the heat treatment roll being used for temperature 
control to perform cooling after molten resin casting in 
an extrusion molded sheet manufacturing apparatus or 
to perform heat treatment of a sheet. 

BACKGROUND ART 

[0002] Generally, in an extrusion molded sheet man- 
ufacturing apparatus, after molten resin with a fixed 
thickness is extruded from a T die of an extruder the 
molten resin is immediately brought into contact with a 
cooling roll to be cooled and solidified rapidly into a 
sheet. Subsequently that sheet is subjected to temper- 
ature control by a heat treatment roll, being stretched in 
the longitudinal and transverse directions to form a re- 
quired film. 

[0003] The aforementioned cooling roll must cool a 
resin sheet of a fixed temperature, which has been ex- 
truded from the T die of the extruder, rapidly and uni- 
formly over its entire width. If the cooling temperature of 
the resin sheet in the widthwise direction is nonuniform, 
the properties of the resin will vary. If the cooling rate is 
low, the properties of the sheet will be adversely affect- 
ed, and also prolonged contact time for cooling makes 
the diameter of the cooling roll large. 
[0004] A treatment roll provided with passages 017 
and 01 8 for a heating medium, which are formed by drill- 
ing an integral raw material, as shown in FIGS. 12 and 
13, can be given as an example of a conventional cool- 
ing or heating treatment roll for a extrusion molded sheet 
manufacturing apparatus. A roll 16 of this example has 
high flexural rigidity but is very heavy and has high heat 
capacity. Therefore, it requires a long time for heating 
at operation start-up, and also requires large bearings, 
which increase manufacturing costs, making this roll un- 
economical. In FIG. 12, reference numeral 031 denotes 
an inner tube, 032 denotes an introduction hole for fluid, 
and 033 denotes a discharge hole for fluid. 
[0005] A conventional cooling roll 001 as shown in 
FIGS. 1 4 and 1 5 may also be constructed so that many 
cooling medium passages 015 of a rectangular shape 
in cross section surrounded by many partitions 012, 
013, which are fabricated of iron sheet and extend in the 
axial direction, are provided on the inside of a cylindrical 
roll 002 with a suitable and fixed thickness. A cooling 
medium introduced through a rotating support shaft 004 
of the cooling roll 001 goes through from one side of the 
passage 01 5 to the other side thereof to cool the cylin- 
drical surface of the cylindrical roll 002 and also to cool 
a sheet, and is subsequently discharged through a ro- 



tating support shaft 005 on the opposite side. Because 
it is fabricated of sheet iron, this cooling roll 001 is light 
in weight and low in heat capacity and does not require 
much time for heating at operation start-up compared 
5 with the above-described integral roll. Also, the bearings 
are small, making manufacturing costs low, and thus this 
roll is economical. 

[0006] In addition to these rolls, Japanese Utility Mod- 
el Publication No. 63-48807 discloses as a heat treat- 
10 ment roll for temperature control for cooling or heating, 
a roll constructed so that many jacket chambers extend- 
ing along the axial direction of a roll body are arranged 
in the circumferential direction of the roll body, a heating 
medium of two phases of gas and liquid is filled in the 
f 5 jacket chambers, and a cooling source or a heat source 
is provided on the inside of the jacket chamber row. This 
roll has been put on the market. This roll has high prop- 
erties as a temperature control roll in which the circum- 
ferential surface of the roll is kept at a fixed temperature. 
[0007] In the conventional construction of rolls fabri- 
cated of iron sheet, the flow path for the cooling medium 
has a rectangular shape. The iron sheet member con- 
stituting the rectangle does not reinforce the rigidity of 
roll, meaning in order to keep rigidity the thickness of 
the roll cannot be decreased. As a result, the heat con- 
duction efficiency is low, and the cooling area is insuffi- 
cient. In order to increase the cooling area, the diameter 
of the roll must be increased. Also, the temperature con- 
trol roll provided with jacket chambers under the surface 
of the roll body which are filled with a heating medium 
of gas and liquid, is unsuitable for rapid cooling or heat- 
ing because the heat conductivity is insufficient. 

DISCLOSURE OF THE INVENTION 

[0008] An object of the present invention is to provide 
a heat treatment roll having high rigidity and high heat 
transfer efficiency. 

[0009] The present invention solves the above prob- 
lems using the following means: 

(1) A heat treatment roll for continuously cooling or 
heating a treated object such as a resin sheet, 
which is used in an extrusion molded sheet manu- 
facturing apparatus, characterized by including: 

a hollow roll body formed with a plurality of cir- 
cular through holes in the roll axis direction 
close to a cylindrical surface; 
a pair of side plates which are fixedly provided 
on both end faces of the roll body and are pro- 
vided with a plurality of radial heating medium 
passages communicating with the circular 
through holes in the roll body; and 
a pair of rotating support shafts extending in the 
roll shaft direction, each of which is fixed inte- 
grally with one of the paired side plates and has 
a heating medium passage communicating 
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with the radial heating medium passages of the 
side plate on the inside thereof. 

(2) A heat treatment roll for continuously cooling or 
heating a treated object such as a resin sheet, 5 
which is used in an extrusion molded sheet manu- 
facturing apparatus, including: 

a hollow roll body formed with a plurality of cir- 
cular through holes in the roll axis direction at 10 
a fixed close pitch on the same radius close to 
a cylindrical surface; 

a pair of side plates which are fixedly provided 
on both end faces of the roll body so as to be 
aligned with the roll body and are provided with is 
a plurality of radial heating medium passages 
communicating with the circular through holes 
in the cylindrical surface of the roll body; and 
a pai r of rotating support shafts extending in the 
roll shaft direction, each of which is fixedly pro- 20 
vided integrally with one of the paired side 
plates and has a heating medium passage 
communicating with the radial heating medium 
passages of the side plate in the axis center, 

25 

wherein a cooling medium or a heating medi- 
um is caused to flow from the heating medium pas- 
sage in one rotating support shaft to the circular 
through holes in the roll body, and is discharged 
from the heating medium passage in the other ro- 30 
tating support shaft, whereby a treated object such 
as a resin sheet that is in contact with the cylindrical 
surface of the roll body is cooled or heated. 

(3) The heat treatment roll described in (1) or (2), 
wherein a double heating medium passage is pro- 35 
vided in the center of the rotating support shaft on 
one side of the roll, and an axial heating medium 
passage which connects an inside passage of the 
double heating medium passage in the rotating sup- 
port shaft to the heating medium passage in the side *o 
plate on the other side is provided in the roll body, 

so that a cooling medium or a heating medium may 
be supplied from the inside passage of the double 
passage in the rotating support shaft on one side, 
and discharged from an outside passage of the dou- 
ble passage (or the supply passage and the dis- 
charge passage are reversed). 

In the heat treatment roll of the present inven- 
tion, since the heating medium passage is formed 
by the through holes of a circular shape in cross so 
section formed along the circumferential surface of 
the roll body, the through holes are close to the sur- 
face of the roll body. Therefore, even if the space 
between through holes is made narrow, the rigidity 
and strength of the roll body can be maintained. Al- ss 
so, since the inner surface of the through hole 
serves as a heat conduction area, the heat conduc- 
tivity is high. As a result, the heat conduction effi- 



ciency of the roll is high, so that the outer diameter 
of the heat treatment roll body can be decreased, 
meaning manufacturing costs can be reduced sig- 
nificantly (claims 1, 2 and 3). 

(4) The heat treatment roll described in any one of 
(1) to (3), wherein the heating medium passage of 
the side plate at both sides of the roll is provided in 
double so that a cooling medium or a heating me- 
dium flows in the opposite direction alternately in 
the circular through holes in the roll body, whereby 
the temperature distribution in the axial direction on 
the surface of the roll is made uniform. 

(5) The heat treatment roll described in (4), includ- 
ing: 

a hollow roll body formed with the circular 
through holes; 

a side plate A which is fixedly provided on the 
end face on one side (heating medium supply 
shaft side) of the roll body so as to be aligned 
with the roll body and is provided with radial 
heating medium passages communicating al- 
ternately with the circular through holes in a cy- 
lindrical surface of the roil body; a ring-shaped 
intermediate cover A which covers a passage 
opening portion of the side plate A and is pro- 
vided with heating medium passages commu- 
nicating with the circular through holes other 
than the alternate circular through holes com- 
municating with the side plate A; a side cover 
A which covers the side face of the intermediate 
cover A and is fitted with the heating medium 
passages in the intermediate cover A and a plu- 
rality of radial water passage tubes; a rotating 
support shaft A fixedly provided integrally with 
the side plate A and having a double heating 
medium passage in the shaft, which is installed 
so that an inside heating medium passage 
communicates with the radial heating medium 
passages of the side plate A, and an outside 
heating medium passage communicates with 
the radial heating medium passages installed 
to the side cover A; 

a side plate B which is fixedly provided on the 
end face on the other side (opposite side to the 
heating medium supply shaft) of the roll body 
so as to be aligned with the roll body and is pro- 
vided with radial heating medium passages 
communicating alternately with the circular 
through holes in a cylindrical surface of the roll 
body; a ring-shaped intermediate coyer B 
which covers a passage opening portion of the 
side plate B and is provided with heating medi- 
um passages communicating with the circular 
through holes other than the alternate circular 
through holes communicating with the side 
plate B; a side cover B which covers the side 
face of the intermediate cover B and is fitted 
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with the heating medium passages in the inter- 
mediate cover B and a plurality of radial water 
passage tubes; a rotating support shaft B fix- 
edly provided integrally with the side plate B 
and having a double heating medium passage s 
one side of which is closed in the shaft, which 
is installed so that an outside heating medium 
passage communicates with the radial heating 
medium passages of the side plate B, and an 
inside heating medium passage communicates i o 
with the radial heating medium passages in- 
stalled to the side cover B; and 
a double water passage tube connecting the 
double heating medium passages of the rotat- 
ing support shaft A and the rotating support is 
shaft B to each other, wherein 

when a cooling medium or a heating medium 
is supplied from an inside passage of the double 
passage in the rotating support shaft A and is dis- 20 
charged from an outside passage of the double pas- 
sage (or the supply passage and the discharge pas- 
sage are reversed), the cooling or heating medium 
flows in opposite directions in alternate circular 
through holes in the cylindrical surface of the roll 25 
body, whereby the temperature distribution in the 
axial direction on the surface of the roll is made uni- 
form. 

(6) The heat treatment roil described in (4) or (5), 
wherein a notch passage directed toward the center 30 
of the roll body is provided in alternate through holes 
of both end portions of the roll body, and by this 
notch passage the circular through holes commu- 
nicate alternately with the heating medium passag- 
es of the side plate A and the side plate B. 35 
For the heat treatment roll described in (4) to 

(6) where the heating medium flows in opposite di- 
rections in alternate heating medium passages in 
the roll body, even if there is a difference in temper- 
ature between the inlet and outlet of the heating me- *o 
dium passage, the temperature distribution in the 
axial direction on the surface of the roll body can be 
made uniform. Therefore, the flow rate of cooling 
water need not be increased excessively, so that 
the capacity of pump for heating medium can be de- 
creased, and temperature control equipment etc. 
can be made small in size. 

(7) The heat treatment roll described in (4) or (5), 
wherein a notch passage directed toward the center 

of the roll body is not provided alternately in the so 
through holes unlike the heat treatment roll de- 
scribed as in (6), but a bottomed counter-sunk elon- 
gated hole (oval-shaped hole) which extends to- 
ward the inside from the inner periphery of the roll 
body to serve as a heating medium passage is ss 
formed at a position at which the circular through 
hole in the roll body comes alternately into contact 
with the ring-shaped intermediate cover A and the 



intermediate cover B that cover the passage open- 
ing portions of the side plate A and the side plate B, 
and a through hole (heating medium passage) com- 
municating with the circular through hole is formed 
at a position of the alternate circular through hole 
other than the counter-sunk elongated hole. 

For the double heating medium passage con- 
struction provided in the side plate as described in 
claim 7, a construction where the bottomed counter- 
sunk elongated hole extending toward the inner pe- 
riphery side and the through hole are alternately 
provided in the intermediate cover a simpler shape 
compared with the double heating medium passage 
construction of the roll described in claims 4 to 6, 
which reduces fabrication costs. 

(8) The heat treatment roll described in any one of 
(1) to (7), wherein a longitudinal member of a star 
shape, triangular shape, or other polygonal shapes 
in cross section is inserted in each of the circular 
through holes provided close to the cylindrical sur- 
face of the roll body so that the flow rate of cooling 
medium or heating medium is reduced with respect 
to the heat conduction area. 

(9) The heat treatment roll described in item (8), 
wherein the longitudinal member having a polygo- 
nal cross section is formed of a heat-resisting ex- 
trusion molded resin having resistance to heating 
medium. 

[0010] For the construction in which the volume-re- 
ducing longitudinal member is inserted in the heating 
medium passage in the roil body as described in claims 
8 and 9, since the cooling water passage area is 1/2 or 
less than the cooling water passage area when the lon- 
gitudinal member is not inserted, the cooling water flow 
rate is half or less with respect to the same cooling area, 
thus significantly increasing the cooling efficiency. 
Therefore, the size of the roll body can be made small, 
and hence the capacity and size of heating medium sup- 
ply equipment, such as a pump, can be decreased, by 
which manufacturing costs are reduced. 
[0011] As described above, the construction of this 
heat treatment roll is particularly effective when it ap- 
plied in a cooling roll requiring high cooling capacity 
used for casting in a resin sheet manufacturing appara- 
tus. 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0012] 

FIG. 1 is a schematic layout view showing a cooling 
roll and its surroundings of an extrusion molding 
casting machine; 

FIG. 2 is a sectional view showing a cooling roll in 
accordance with a first embodiment of the present 
invention; 

FIG. 3 is a sectional view taken along the line A-A 
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in the direction of the arrow B of the cooling roll 
shown in FIG. 2; 

FIG. 4 is an enlarged view of portion C in FIG. 3; 
FIG. 5 is a sectional view showing a construction of 
a cooling roll in accordance with a second embod- 
iment of the present invention; 
FIG. 6 is a view taken in the direction of the arrow 
D, a sectional view taken along the arrow F, and a 
sectional view taken along the arrow G of the cool- 
ing roll shown in FIG. 5; 

FIG. 7 is a sectional view taken along the line E-E 
of the cooling roll shown in FIG. 5; 
FIG. 8 is a partial sectional view showing another 
construction of a passage for cooling water of the 
cooling roll shown in FIG. 5; 
FIG. 9 is a sectional view taken along the line H-H 
of FIG. 8, being a partial view showing the shape of 
a passage for cooling water, 
FIG. 10 is a partial sectional view showing a con- 
struction in which the cooling water passage area 
of roll cylinder shown in FIGS. 2 and 5 is reduced; 
FIG. 11 is a partial sectional view showing another 
construction in which the cooling water passage ar- 
ea of roll cylinder shown in FIGS . 2 and 5 is reduced; 
FIG. 12 is a sectional view showing a conventional 
heat treatment roll; 

FIG. 1 3 is a sectional view taken along the line P-P 
of FIG. 12; 

FIG. 14 is a sectional view showing another exam- 
ple of a conventional heat treatment roll; and 
FIG. 1 5 is a sectional view taken along the line Q-Q 
of FIG. 14. 

BEST MODE FOR CARRYING OUT THE INVENTION 

[0013] For embodiments of the present invention, a 
cooling roll requiring high cooling capacity which is used 
in an extrusion molded sheet manufacturing apparatus 
will be described as an example. 
[001 4] First, the outline of a process from molten resin 
sheet extrusion to solidification and takeover in the ex- 
trusion molded sheet manufacturing apparatus will be 
described with reference to the accompanying draw- 
ings. FIG. 1 is a schematic layout view showing a cooling 
roll and its surroundings of an extrusion molding casting 
machine. As shown in FIG. 1 , in the extrusion molded 
sheet manufacturing apparatus, after a molten resin 
sheet 5 with a fixed thickness is extruded downward 
from a T die of an extruder, the sheet 5 is immediately 
brought into contact with a cooling roll 2 (30, 40) to be 
cooled and solidified rapidly. Subsequently, the sheets 
passes through a takeover roll 3 and is subjected to sub- 
sequent sheet treatment (temperature control, fabrica- 
tion into a required film by being stretched in the longi- 
tudinal and transverse directions), not shown. 



(First embodiment) 

[001 5] A cooling roll in accordance with a first embod- 
iment of the present invention will be described with ref- 
5 erence to the accompanying drawings. FIG. 2 is a side 
sectional view of the cooling roll, FIG. 3 is a sectional 
view taken along the line A-A the direction of the arrow 
B of the cooling roll shown in FIG. 2, and FIG. 4 is an 
enlarged view of portion C in FIG. 3. 
to [001 6] The construction of the cooling roll 2 will be de- 
scribed. The cooling roll 2 shown in the figures has a roll 
body 11 . This roll body 11 is formed into a hollow cylin- 
drical shape by bending a plate material such as a car- 
bon steel and joining it by welding and further grinding 
*5 the inner and outer surfaces to keep a predetermined 
roundness and plate thickness accuracy. The roll body 
is also formed with many circular through holes extend- 
ing in the roll axis direction at a fixed pitch on the same 
radius close to the cylindrical surface to provide cooling 
water passages 11a. Moreover, for the roll body 11, as 
shown in FIG. 4, an inside diameter d of the cooling wa- 
ter passage 11a, a distance a from the cylindrical sur- 
face, and a space b between the cooling water passag- 
es 1 1a are calculated so that when a cooling or heating 
medium is caused to pass through a plurality of water 
passages 11a formed as described above, the heat con- 
duction efficiency with respect to the cylindrical surface 
is highest, and unevenness of temperature in the cir- 
cumferential direction is least. 

[0017] In order to increase the cooling capacity, the 
flow rate of cooling water passing through the cooling 
water passage 11a must be increased. Therefore, at 
both ends of the roll body 11 , the inside diameter is in- 
creased by a required dimension so that a part of the 
cooling water passage 11 a is exposed. 
[0018] A side plate 12 is a welded structure integral 
with a water introduction shaft portion 12a that is one 
rotating support shaft of the cooling roll 2, and a side 
plate 1 3 is a welded structure integral with a side plate 
shaft portion 13a that is the other rotating support shaft 
of the cooling roll 2. The side plate 1 2 and the side plate 
13 are aligned with the roll body 11 and are fixed by 
welding to each side of the roll body 11 in a liquid-tight 
manner. The cooling roll 2 is configured so as to be ro- 
tatably supported by bearings 20, 20 provided in the wa- 
ter introduction shaft portion 1 2a and the side plate shaft 
portion 1 3a, and thereby be rotationally driven by a pow- 
er unit, not shown, via a gear 23 fixedly provided in the 
side plate shaft portion 13a. 

[0019] Reference characters 1 2b and 13b denote an- 
nular protrusions fixed by welding to the side plates 12 
and 13, respectively. The protrusions 12b, 13b are pro- 
vided with a notch 12c, 13c serving as a cooling water 
passage at suitable intervals. Also, reference charac- 
ters 12d and 13d denote annular protrusions fixed by 
welding to the side plates 12 and 13, respectively. The 
height of the protrusions 1 2b, 1 3b, 1 2d, 1 3d is set so as 
to be flush with the end face of the roll body 11. The 
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protrusions 12d, 13d are formed with a plurality of 
through holes at equal angular intervals toward the shaft 
center. A plurality of water passage tubes 15 are fixed 
by welding in a liquid-tight manner to through holes 1 2e, 
13e formed in the water introduction shaft portion 12a 
and the side plate shaft portion 1 3a on the same line as 
the through hole formed in the protrusion 1 2d, 1 3d. Ref- 
erence numeral 1 8 denotes a drainage plug for draining 
cooling water leaking into the cooling roll 2. 
[0020] The end portion of the roll body 1 1 and the pro- 
trusions 1 2b, 1 3b, 1 2d, 1 3d are covered with a side cov- 
er 1 6 with a packing 1 9 held therebetween , and are fixed 
in a liquid-tight manner with many bolts. The end por- 
tions of the roll body 11 and the protrusions 12b, 13b, 
12d, 13d form a passage for cooling water. 
[0021] Between the water introduction shaft portion 
12a and the side plate shaft portion 13a, a water pas- 
sage tube 1 4 is fixed by welding in a liquid-tight manner. 
[0022] Also, a water introduction tube 17 is inserted 
in the water introduction shaft portion 1 2a to form a dou- 
ble water passage. 

[0023] Cooling water that has been subjected to tem- 
perature control is supplied to the water introduction 
tube 17 through a rotary joint 22, passing through the 
water passage tube 14, a water passage in the side 
plate shaft portion 1 3a, and the water passage tube 15, 
and flows from the water passage of the side plate 13 
to the cooling water passage in the roll body 1 1 to cool 
the resin sheet 5 that is in contact with the cylindrical 
surface of the roll body 11 . Water that has been heated 
by the heat taken away from the resin sheet 5 passes 
through the water passage of the side plate 12, the water 
passage tube 15, and an outside water passage of the 
double tube portion of the water introduction shaft por- 
tion 12a, and is discharged from a rotary joint 21 . 
[0024] In this construction, the supply passage and 
the discharge passage may be reversed, that is, cooling 
water may be supplied from the outside water passage 
of the double tube portion of the water introduction shaft 
portion 12a, and the heated water may be discharged 
from the water introduction tube 1 7. 
[0025] The configuration of this cooling roll 2 can also 
be used as a heating roll by circu lating a heating medium 
in place of cooling water. 

(Second embodiment) 

[0026] A second embodiment of the present invention 
is configured so that the cooling water passage of the 
side plate on each side of the roll of the first embodiment 
is provided in double so that cooling water flows in the 
opposite direction in alternate passages of a plurality of 
cooling water passages in the roll body, by which the 
temperature distribution in the axial direction on the sur- 
face of roll is made uniform. 

[0027] A cooling roll in accordance with the second 
embodiment of the present invention will be described 
with reference to the accompanying drawings. FIG. 5 is 



a sectional view showing a construction of the cooling 
roll, FIG. 6 is a view taken in the direction of the arrow 
D, a sectional view taken along the arrow F, and a sec- 
tional view taken along the arrow G of the cooling roll 
5 shown in FIG. 5, and FIG. 7 is a sectional view taken 
along the line E-E of the cooling roll shown in FIG. 5. 
[0028] The construction of a cooling roll 30 will be de- 
scribed. The cooling roll 30 shown in FIG. 5 has a roll 
body 31 . This roll body 31 is a roll having approximately 
the same construction as that of the roll body 11 of the 
first embodiment. Specifically, the inside diameter of a 
cooling water passage 31a provided by forming a circu- 
lar through hole, the distance from the cylindrical sur- 
face of the roll body 3 1 , and the space between the cool- 
ing water passages 31 are calculated in completely the 
same way as the first embodiment shown in FIG. 4. 
[0029] As shown in the F sectional view of FIG. 6, the 
cooling water passage 31 a at both ends of the roll body 
31 is provided with a notch 31b of a required length in 
the inside radial direction so that alternate passages 
communicate with the water passages on the side plate 
side. 

[0030] A side plate 32 is a welded structure integral 
with a water introduction shaft portion 32a that is one 
rotating support shaft of the cooling roll 30, and a side 
plate 33 is a welded structure integral with a side plate 
shaft portion 33a that is the other rotating support shaft 
of the cooling roll 30. The side plate 32 and the side plate 
33 are aligned with the roll body 31 and are fixed by 
welding to each side of the roll body 31 in a liquid-tight 
manner. The cooling roll 30 is configured so as to be 
rotatably supported by bearings 20, 20 provided in the 
water introduction shaft portion 32a and the side plate 
shaft portion 33a, and thereby be rotationaily driven by 
a power unit, not shown. 

[0031 ] Reference characters 32b and 33b denote an- 
nular protrusions fixed by welding to the side plates 32 
and 33, respectively. The protrusions 32b, 33b are pro- 
vided with a notch 32c, 33c serving as a cooling water 
passage at suitable intervals. Also, reference charac- 
ters 32d and 33d denote annular protrusions fixed by 
welding to the side plates 32 and 33, respectively. The 
height of the protrusions 32b, 33b, 32d, 33d is set so as 
to be flush with the end face of the roil body 31 . The 
protrusions 32d, 33d are formed with a plurality of 
through holes at equal angular intervals toward the shaft 
center. A plurality of water passage tubes 15 are fixed 
by welding in a liquid-tight mannerto through holes 32e, 
33e formed in the water introduction shaft portion 32a 
and the side plate shaft portion 33a on the same line as 
a through hole formed in the protrusion 32d, 33d. Ref- 
erence numeral 1 8 denotes a drainage plug for draining 
cooling water leaking into the cooling roll 30. The 
through hole 32e communicates with a water introduc- 
tion tube 37. Also, the through hole 33e communicates 
with a water passage 33g in the side plate shaft portion 
33a. 

[0032] Reference numeral 35 denotes an intermedi- 
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ate cover that covers a passage opening of the side 
plate 32. The intermediate cover 35 is formed with 
through holes 35a communicating with the cooling water 
passage holes 31a, except for the cooling water pas- 
sages 31a provided with the alternate notch 31b which 
communicate with the water passages of the side plate 
32. Reference numeral 36 denotes a side cover that 
covers the side face of the intermediate cover 35. The 
side cover 36 has an annular protrusion 36a similar to 
the protrusions 32b and 33b, and a notch 36b serving 
as a cooling water passage is provided. In the opening 
portions of the side cover 36, a plurality of bent tubes 
38 serving as a cooling water passage are installed. The 
bent tube 38 is connected with a straight tube 39, and 
the straight tube 39 is fixed by welding to the opening 
portion of a through hole 32f in the water introduction 
shaft portion 32a. The through hole 32f is open to a wa- 
ter passage 32i in the water introduction shaft portion 
32a. 

[0033] Parts installed to the side plate 33 are the same 
as those installed to the side plate 32. The intermediate 
cover 35 and the side cover 36 are installed, the bent 
tubes 38 and the straight tubes 39 are connected, and 
the straight tube 39 is fixed by welding to the opening 
portion of a through hole 33f formed in the side plate 
shaft portion 33a. The through hole 33f communicates 
with an inside water passage 33h. 
[0034] Reference numeral 34 denotes a water pas- 
sage tube forming an outside water passage of water 
passage tube between the water introduction shaft por- 
tion 32a and the side plate shaft portion 33a. 
[0035] The water introduction tube 37 engages with 
an engagement portion 32g of the water introduction 
shaft portion 32a, and is connected to the inside water 
passage 33h of the side plate shaft portion 33a so as to 
constitute the inside of the double water passage be- 
tween the water introduction shaft portion 32a and the 
side plate shaft portion 33a, and a rotary joint 22 is con- 
nected to the opening portion of the water introduction 
tube 37. 

[0036] As shown in FIGS. 5 and 7, the water introduc- 
tion shaft portion 32a is formed with a plurality of through 
holes 32h leading from an outside water passage be- 
tween the water passage tube 34 and the water intro- 
duction tube 37 to an outside water passage of the water 
introduction shaft portion 32a. 

[0037] Cooling water that has been subjected to tem- 
perature control is supplied from the rotary joint 22 to 
the water introduction tube 37 forming the inside water 
passage of the water introduction shaft portion 32a. 
Some (half the amount) of the cooling water goes up 
through the through hole 32e, passes through the water 
passage tube 1 5 and the water passage in the side plate 
32, and flows into the cooling water passage 31 a in the 
roll body 31 to cool the surface of the roll body 31 and 
to thereby cool a resin sheet. Then, the cooling water 
flows into the outside water passage 33g in the side 
plate shaft portion 33a through the water passage in the 



side plate 33, the water passage tube 15, and the 
through hole 33e, and further passes through the out- 
side water passage of the water passage pipe 34, the 
through hole 32h, and the outside water passage 32i in 

5 the water introduction shaft portion 32a, and is being 
discharged from a rotary joint 21 . 
[0038] On the other hand, the remaining half amount 
of cooling water supplied to the water introduction tube 
37 passes through the water passage 33h at the farthest 

10 end of the water introduction tube 37, the through hole 
33f , the straight tube 39, the bent tube 38, the water pas- 
sage surrounded by the side cover 36 and the interme- 
diate cover 35, and the through hole 35a in the interme- 
diate cover 35, and flows in the cooling water passage 

is 31a in the roll body 31 (in a direction reverse to the di- 
rection of the above-described cooling water) to cool the 
surface of the roll body 31 and to thereby cool the resin 
sheet. Then, the cooling water passes through the 
through hole 35a in the intermediate cover 35 on the 

20 side plate 32 side, the water passage surrounded by the 
side cover 36 and the intermediate cover 35, the bent 
tube 38, the straight tube 39, and the through hole 32f, 
and flows into the outside water passage 32i in the water 
introduction shaft portion 32a to join with the above-de- 

25 scribed discharged cooling water, and is discharged 
from the rotary joint 21 together with the above-de- 
scribed cooling water. 

[0039] In the construction of the second embodiment 
as well, the supply passage and the discharge passage 
30 may be reversed, that is, cooling water may be supplied 
from the outside water passage of the double tube por- 
tion of the water introduction shaft portion 32a, and the 
heated water may be discharged from the water intro- 
duction tube 37. 
35 [0040] As described above, the inside notch 31 b lead- 
ing to the water passage in the side plates 32, 33 pro- 
vided at both ends of the cooling water passage 32a in 
the roll body 31 is provided alternately. Therefore, cool- 
ing water flows in the opposite direction alternately in 
40 the cooling water passages 31 a in the roll body 31 , so 
that even if there is a difference in temperature between 
the inlet and outlet of the cooling water passage 31a, 
the temperature distribution in the axial direction on the 
surface of the roll body 31 can be made uniform. There- 
45 fore, the flow rate of cooling water need not be increased 
excessively, so that the pump capacity for the cooling 
water can be decreased, and temperature control equip- 
ment etc. can be made small in size. 
[0041 ] The configuration of this cooling roll 30 can al- 
so so be used as a heating roll by circulating a heating me- 
dium in place of cooling water. 

(Third embodiment) 

55 [0042] FIG. 8 is a partial sectional view showing an- 
other construction of a passage for cooling water of the 
cooling roll shown in FIG. 5, and FIG. 9 is a sectional 
view taken along the line H-H of FIG. 8, being a partial 
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view showing the shape of a passage for cooling water. 
[0043] In a third embodiment of the present invention, 
unlike the above-described second embodiment, an in- 
side notch 31 b is not provided at both ends of the cooling 
water passage 31 a in the roll body 31 . As shown in FIG. 
9, a bottomed counter-sunk elongated hole (oval- 
shaped hole) 45a extending toward the inner periphery 
side is formed at the position where a cooling water pas- 
sage 41 a (31 a in the second embodiment) in a roll body 
41 (31 in the second embodiment) comes alternately in- 
to contact with a pair of ring-shaped intermediate covers 
45 (the outside shape of ring is almost the same as that 
of the intermediate cover 35) that cover the water pas- 
sage opening portions of side plates 32 and 33. At the 
position of the alternate cooling water passage 41 a oth- 
er than the counter-sunk elongated hole 45a, a through 
hole 45b communicating with the cooling water passage 
41a is formed. Other constructions and operation are 
completely the same as those of the second embodi- 
ment, so explanation is omitted to avoid duplication. In 
this construction, the fabricated portion of the large- 
sized roll body 41 is reduced, and the lighter intermedi- 
ate cover 45 is counter sunk, by which handling at the 
time of part fabrication is made easy, and fabrication 
costs are reduced. 

(Fourth embodiment) 

[0044] In a fourth embodiment of the present inven- 
tion, a volume-reducing longitudinal member is inserted 
in the cooling water passage 11a, 31a, 41a in the roil 
body of the above-described embodiments. The fourth 
embodiment will be described with reference to the ac- 
companying drawings. 

[0045] FIG. 10 is a partial sectional view showing a 
construction in which the cooling water passage area of 
the cooling roll shown in FIGS. 2, 5 and 8 is reduced, 
and FIG. 11 is a partial sectional view in which the cool- 
ing water passage area of the cooling roll is reduced 
similarly. 

[0046] Since the construction and operation of this 
embodiment is completely the same as those of the first 
to third embodiments, only the portion around the cool- 
ing water passage in the roll body will be explained. 
[0047] The reference numerals for the explanation 
use the reference numerals from the first embodiment. 
[0048] FIG. 10 shows a cross section where a longi- 
tudinal member 48 of a triangularshape in cross section 
which has a length approximately equal to the length of 
a cooling water passage 1 1a is inserted into the cooling 
water passage 11a in a roll body 11 . Since the cross- 
sectional area of the longitudinal member 48 is about 
1/2 of the cross-sectional area of the cooling water pas- 
sage 11a, the cooling water passage area when the lon- 
gitudinal member 48 is inserted is about 1/2 of the cool- 
ing water passage area when the longitudinal member 
48 is not inserted. That is to say, only a half of cooling 
water flow rate is needed with respect to the same cool- 



ing area, so that cooling efficiency is increased signifi- 
cantly. FIG. 11 shows a cross section where a longitu- 
dinal member 49 of a star shape in cross section which 
has a length approximately equal to the length of the 

5 cooling water passage 1 1 a is inserted in the cooling wa- 
ter passage 11a in the roll body 11. In this case, since 
the cross-sectional area of the longitudinal member 49 
is larger than 1 /2 of the cross-sectional area of the cool- 
ing water passage 1 1 a, the cooling water passage area 

io when the longitudinal member 49 is inserted is smaller 
than 1/2 of the cooling water passage area when the 
longitudinal member 49 is not inserted. Therefore, cool- 
ing efficiency is increased significantly. 
[0049] The cross-sectional shape of the longitudinal 

is member is not limited to triangular shape and star 
shape. By inserting the longitudinal member having a 
star-shaped cross section, while making sure that the 
flow resistance of cooling water does not increase re- 
markably, the cooling water passage area can be re- 

20 duced, leading to improved cooling efficiency. There- 
fore, the size of the roll body can be decreased. 
[0050] The use of a water-proof extrusion molded res- 
in material is convenient as a material of the above-de- 
scribed volume-reducing longitudinal member. Also, 

25 this cooling roll can be used as a heating roll, and in this 
case, a heat-resisting extrusion molded resin material 
having resistance to the heating medium is used as a 
material of the volume-reducing longitudinal member. 

30 INDUSTRIAL APPLICABILITY 

[0051] As described above in detail, the present in- 
vention provides a heat treatment roll that has high ri- 
gidity and high heat transfer efficiency. 



Claims 

1. A heat treatment roll for continuously cooling or 
40 heating a treated object such as a resin sheet, 
which is used in an extrusion molded sheet manu- 
facturing apparatus, characterized by comprising: 

a hollow roll body formed with a plurality of cir- 
45 cular through holes in the roll axis direction 

close to a cylindrical surface; 
a pair of side plates which are fixedly provided 
on both end faces of said roll body and are pro- 
vided with a plurality of radial heating medium 
50 passages communicating with circular through 

holes in said roil body; and 
a pair of rotating support shafts extending in the 
roll shaft direction, each of which is fixed inte- 
grally with one of the paired side plates and has 
55 a heating medium passage communicating 

with the radial heating medium passages of 
said side plate on the inside thereof. 
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A heat treatment roll for continuously cooling or 
heating a treated object such as a resin sheet used 
in an extrusion molded sheet manufacturing appa- 
ratus, comprising: 

5 

a hollow roll body formed with a plurality of cir- 
cular through holes in the roll axis direction at 
a fixed close pitch on the same radius close to 
a cylindrical surface; 

a pair of side plates which are fixedly provided 10 
on both end faces of said roll body so as to be 
aligned with said roll body and are provided with 
a plurality of radial heating medium passages 
communicating with the circular through holes 
in the cylindrical surface of said roll body; and is 
a pair of rotating support shafts extending in the 
roll shaft direction, each of which is fixedly pro- 
vided integrally with one of the paired side 
plates and has a heating medium passage 
communicating with the radial heating medium 20 
passages of said side plate in the axis center, 
and characterized in that a cooling medium or 
a heating medium is caused to flow from the 
heating medium passage in one rotating sup- 
port shaft to the circular through holes in said 25 
roll body, and is discharged from the heating 
medium passage in the other rotating support 
shaft, whereby a treated object such as a resin 
sheet that is in contact with the cylindrical sur- 
face of said roll body is cooled or heated. 30 

The heat treatment roll according to claim 1 or 2, 
characterized in that a double heating medium 
passage is provided in the center of the rotating 
support shaft on one side of the roll, and an axial 35 
heating medium passage which connects an inside 
passage of the double heating medium passage in 
said rotating support shaft to the heating medium 
passage in the side plate on the other side is pro- 
vided in the roll body, so that a cooling medium or *o 
a heating medium may be supplied from the inside 
passage of the double passage in the rotating sup- 
port shaft on one side, and discharged from an out- 
side passage of the double passage (or the supply 
passage and the discharge passage are reversed). *s 

The heat treatment roll according to any one of 
claims 1 to 3, characterized in that the heating me- 
dium passage of the side plate at both sides of said 
roll is provided in double so that a cooling medium so 
or a heating medium flows in the opposite direction 
alternately in the circular through holes in said roll 
body, whereby the temperature distribution in the 
axial direction on the surface of said roll is made 
uniform. 55 

The heat treatment roll according to claim 4, com- 
prising: 



a hollow roll body formed with said circular 
through holes; 

a side plate A which is fixedly provided on the 
end face on one side (heating medium supply 
shaft side) of said roll body so as to be aligned 
with said roll body and is provided with radial 
heating medium passages communicating al- 
ternately with the circular through holes in a cy- 
lindrical surface of said roll body; a ring-shaped 
intermediate cover A which covers a passage 
opening portion of said side plate A and is pro- 
vided with heating medium passages commu- 
nicating with the circular through holes other 
than the alternate circular through holes com- 
municating with said side plate A; a side cover 
A which covers the side face of said intermedi- 
ate cover A and is fitted with the heating medi- 
um passages in said intermediate cover A and 
a plurality of radial water passage tubes; a ro- 
tating support shaft A fixedly provided integrally 
with said side plate A and having a double heat- 
ing medium passage in the shaft, which is in- 
stalled so that an inside heating medium pas- 
sage communicates with the radial heating me- 
dium passages of said side plate A, and an out- 
side heating medium passage communicates 
with the radial heating medium passages in- 
stalled to said side cover A; 
a side plate B which is fixedly provided on the 
end face on the other side (opposite side to the 
heating medium supply shaft) of said roll body 
so as to be aligned with said roll body and is 
provided with radial heating medium passages 
communicating alternately with the circular 
through holes in a cylindrical surface of said roll 
body; a ring-shaped intermediate cover B 
which covers a passage opening portion of said 
side plate B and is provided with heating medi- 
um passages communicating with the circular 
through holes other than the alternate circular 
through holes communicating with said side 
plate B; a side cover B which covers the side 
face of said intermediate cover B and is fitted 
with the heating medium passages in said in- 
termediate cover B and a plurality of radial wa- 
ter passage tubes; a rotating support shaft B 
fixedly provided integrally with said side plate 
B and having a double heating medium pas- 
sage one side of which is closed in the shaft, 
which is installed so that an outside heating me- 
dium passage communicates with the radial 
heating medium passages of said side plate B, 
and an inside heating medium passage com- 
municates with the radial heating medium pas- 
sages installed to said side cover B; and 
a double water passage tube connecting the 
double heating medium passages of said rotat- 
ing support shaft A and said rotating support 
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shaft B to each other, and 

characterized in that 

when a cooling medium or a heating medium 
is supplied from an inside passage of the double 5 
passage in said rotating support shaft A and is dis- 
charged from an outside passage of the double pas- 
sage (orthe supply passage and the discharge pas- 
sage are reversed), the cooling medium orthe heat- 
ing medium flows in opposite directions in alternate 10 
the circular through holes in the cylindrical surface 
of said roll body, whereby the temperature distribu- 
tion in the axial direction on the surface of the roll is 
made uniform. 

15 

6. The heat treatment roll according to claim 4 or 5, 
characterized in that a notch passage directed to- 
ward the center of said roll body is provided alter- 
nately in the through holes in both end portions of 
said roll body, and by this notch passage the circular 20 
through holes communicate alternately with the 
heating medium passages of said side plate A and 
said side plate B. 

7. The heat treatment roll according to claim 4 or 5, 25 
characterized in that a notch passage directed to- 
ward the center of said roll body is not provided al- 
ternately in the through holes unlike the heat treat- 
ment roil described as in claim 6, but a bottomed 
counter-sunk elongated hole (oval-shaped hole) 30 
which extends toward the inside from the inner pe- 
riphery of said roll body to serve as a heating me- 
dium passage is formed at a position at which the 
circular through hole in said roll body comes alter- 
nately into contact with said, ring-shaped interme- 35 
diate cover A and said intermediate cover B that 
cover the passage opening portions of the side 
plate A and said side plate B, and a through hole 
(heating medium passage) communicating with the 
circular through hole is formed at a position of the 40 
alternate circular through holes other than the coun- 
ter-sunk elongated hole. 

8. The heat treatment roil according to any one of 
claims 1 to 7, characterized in that a longitudinal 45 
member of a star shape, triangular shape, or other 
polygonal shapes in cross section is inserted in 
each of the circular through holes provided close to 
the cylindrical surface of said roll body so that the 
flow rate of cooling medium or heating medium is so 
reduced with respect to the heat conduction area. 

9. The heat treatment roll according to claim 8, char- 
acterized in that said longitudinal member having 

a polygonal cross section is formed of a heat-resist- 55 
ing extrusion molded resin having resistance to 
heating medium. 
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